Abstract. Measurements from rocket borne sensors inside a high velocity neutral barium beam show a factor of six increase in plasma density in a moving ionizing front. This region-was co-located with intense fluctuating electric fields ($E • 300 mV/m) at frequencies well under the lower hybrid frequency for a barium plasina. Large quasi-DC electric and magnetic field fluctuations were also detected with a large component of the current and the electric field. parallel to Bo. An Alfv6n wave with a finite electric field component parallel to the geomagnetic field was observed to propagate along Bo, where it was detected by am instrumented sub-payload.
Introduction
The critical ionization velocity effect (CIV) can occur when a streaxning neutral gas penetrates a magnetized plasma at high velocity. It is a process by which the kinetic energy of the neutral stream is tapped to provide energy for ionizing itself. This effect was first proposed by Alfv6n [Alfvdn, 1954] . The magnetized plasma acts as a catalyst for the energy transfer process and also absorbs the excess momentum of the reacting neutrals. Recent reviews of both laboratory and space based CIV experiments have been presented in the literature [Newell, 1985; Totbe, t, 1990 ]. The consensus is that energy of the streaming neutrals must be transferred into heated electrons, which then become efficient at ionizing the neutrals of the streaxn.
Experiment
The CR!T II sounding rocket was launched on May 4, !989 at 1:24:10 UT from Wallops Island, Virginia. Two shaped charge barium releases were made about 90 seconds apart at 423.5 km and 407.5 kin, in darkness to eliminate photo ionization as a contributing process, and both at a •45 ø angle to the magnetic field. The main payload was positioned within the path of the neutrals to directly observe the processes within the streaxn, while the subpayload was positioned outside of the stream along the connecting geomagnetic field (Figure 1 The electric field probe on the main payload consisted of three sets of extendable dipole antennas from which eleven independent measurements were made. A calibrated fluxgate magnetometer was used to obtain perturbation measurements due to the ionizing neutral beam. The absolute plasma density was determined from plasma frequency probe measurements of the upper-hybrid frequency. The sub-payload was about 1.76 km from the region of interaction around the ma/n payload during the first burst and made particle flux, electric, and magnetic field measuremeats. Sub-payload data will not be shown due to page 
Conclusion
The initial analysis of the CRIT II plasma density, electric, and magnetic field measurements indicate that significant plasma density increases were measured within the neutral stream corresponding with the arrival of the fastest neutral barium. This region is thought to be the ionization front of a CIV process. Strong, low frequency (300 Hz) electric and magnetic wave activity accompanied these plasma density enhancements. The region of intense waves and anomalous ionization was limited to a region corresponding to the neutral velocity in the range 16 -9.7 km/s. This is coincident with the superfast part of the beam and possibly accelerated atmospheric particles. At these velocities ionization by stripping against neutral oxygen is energetically possible albeit at a low rate and may imply that the CIV process needs this as a seeding mechanism. This is one possible explanation for the high variability of CIV experiments in space, since the neutral oxygen density varies by two orders of magnitude at the altitudes of the experiments. This velocity range is well above the the so-called critical velocity threshold for barium (2.8 km/s). The strongest wave activity is not associated with the lower hybrid frequency as predicted by theory but is concentrated in a frequency band from 200 to 600 Hz. A current density of 9.5 mA/m = across the neutral stream can be inferred from the magnetometer measurements. A significant quasi-DC electric field parallel to the geomagnetic field was also detected within the front. The sub-payload positioned outside of the path of the ionization front, but in contact with it along the geomagnetic field, detected large electric and magnetic fluctuations consistent with Alfvdnic pulses. The time spacing of these pulses was equal to the barium cyclotron period. Similar fluctuations were observed at the main payload and are thought to be due to a bunching of magnetized barium ions which gyrate though the background ionospheric plasma.
